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[Received by the International Bureau on 12 June 2003 ( 12.06.03 ): 
Claims unchanged: 8-14, 18, 19; amended: 7, 17, 20; cancelled: 1-6, 15, 16 (4 pages)] 

The invention claimed is: 

1 . A thin film consisting essentially of Zr, N and optionally Ti, at least a 
portion of the thin film having a non-columnar grain structure, 

2. The thin film of claim 1 having a thickness of less than or equal to about 

10 nm. 

3. The thin film of claim 1 having a thickness, wherein a first portion of the 
thickness comprises the non-columnar grain structure and wherein a second portion of 
the thickness comprises columnar grains. 

4. The thin film of claim 3 wherein the columnar grains have diameters of 
from about 10 nm to about 20 nm. 

5. The thin film of claim 3 wherein the thin film is disposed over a silicon 
dioxide surface and wherein the first portion of the thickness is disposed closer to the 
silicon dioxide surface than is the second portion. 

6- The thin film of claim 1 having an atomic ratio of Ti to Zr greater than or 
equal to 1.0. 

7. The thin film of claim 5 consisting essentially of Ti, Zr and N. 

8. The thin film of claim 1 wherein the N is present in the thin film at from 
about 40 atomic percent to about 60 atomic percent. 

9. The thin film of claim 1 having a resistivity of from about 69 tjQ-cm to 
about 106 M^'cm. 

10. A barrier layer comprising Ti and Zr, a first portion of the barrier layer 
comprising a nonnsolumnar grain structure, and a second portion of the layer comprising 
columnar grain structure. 

1 1 . The barrier layer of claim 1 0 further comprising one or more elements 
selected from the group consisting of Al. Ba. Be, Ca, Ce, Cs, Hf, La, Mg, Nd, Sc, Sr, Y, 
Mn. V, SI, Fe, Co. Ni. B, C, La, Pr, P, S, Sm, Gd, Dy, Ho, Er, Yb, W, Cr, Mo. Nb, and Ta. 
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12. The barrier layer of claim 10 disposed between a metallic material and a 
non-metallic material. 

1 3. The barrier layer of claim 12 wherein the non-metallic material comprises 
a member of the group consisting of SiOz and iow-k dielectric materials. 

14. The barrier layer of claim 12 wherein the metallic layer comprises copper. 

15. The barrier layer of claim 13 having a thickness of from about 10 nm to 
about 20 nm, wherein the first portion of the layer is closer to the non-metallic material 
than is the second portion. 

16. A metal diffusion banier comprising: 

a first layer comprising Tl and Q and being substantially nitrogen free, 
where Q comprises one or more elements selected from the group consisting of Al, Ba, 
Be, Ca, Ce, Cs, Hf, La, Mg. Nd, So, Sr, Y, IWIn, V, Si, Fe. Co, Nl, B, C, La, Pr, P, S, Sm, 
Gd, Dy, Ho, Er, Yb, W, Zr, Cr, Mo. Nb, and Ta; and 

a second layer comprising (TiQ)xN2. 

17. The metal diffusion barrier of claim 16 wherein Q comprises Zr. 

1 8. The metal diffusion barrier of claim 16 wherein the second layer is over 
the first layer, and further comprising a third layer over the second layer, the third layer 
comprising Ti and Zr and being essentially free of nitrogen. 

19. The metal diffusion barrier of claim 16 wherein the first layer is over the 
second layer, and further comprising a third layer over the first layer, the third layer 
comprising (TiQ)^z. 

20. The metal diffusion barrier of claim 16 disposed between a metallic 
material and a non-metallic material. 

21 . A copper diffusion barrier comprising a bi-layer. a first portion of the bi- 
layer comprising TiZr, and a second portion of the bi-Iayer comprising (TiZr)3cNz. 

22. The copper diffusion barrier of claim 21 wherein the second portion 
comprises non-columnar grain structure. 
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23. The copper diffusion barrier of daim 21 wherein the second portion is 
adjacent a layer of silicon dioxide and the first portion is adjacent a copper based 
material. 

24. A titanium-comprising material having an electrical resistivity of from 
about 69 \jQ'cm to about 106 ^Q*cm, and having a substantially uniform thickness. 

25. The titanium-comprising material of claim 24 further comprising Zr. 

26. The titanium-comprising material of claim 25 having an atomic ratio of Ti 
to Zr of greater than or equal to 1, and further comprising from about 40 atomic percent 
to about 60 atomic percent N. 

27. The titanium-comprising material of daim 24 further comprising N, 

28. A copper barrier film having a first pori:ion comprising a non-columnar 
grain structure, and a second portion comprising a columnar grain structure, the film 
having a substantial absence of amorphous phase material. 

29. The film of claim 28 comprising Ti. 

30. The film of claim 28 comprising Zr. 

31 . The film of claim 28 comprising Ti, Zr and N, 

32. The film of claim 28 consisting essentially of (TIZr)^Nz, where x = 0.40- 
0.60 and z = 0.40-0.60. 

33. The film of claim 1 8 having an electrical resistivity of from about 69 
MQ*cm to about 106 pn-cm. 

34. The film of claim 28 having a thickness of less than 20 nm. 

35. A diffusion protected surface comprising: 
a material having a surface; and 

a thin film consisting essentially of Zr and N and optionally Ti over the 
surface, at least a portion of the thin film having a non-columnar grain structure. 

36. The diffusion protected surface of claim 35 wherein the thin film 
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comprises Ti. 

37. The diffusion protected surface of clarm 35 wherein the material having 
the surface comprises a non-metallic material. 

38. The diffusion protected surface of claim 35 wherein the material having 
the surface comprises SiOa. 

39. The diffusion protected surface of claim 35 wherein the thin film is 
disposed between the surface and a metallic material comprising one or more of Cu, Ag, 
Sn, Mg and Al. 

40. A structure comprising: 
a silicon substrate; 

a insulative material overtiie substrate; 

a barrier layer consisting essentially of (TiZr)xNz over the insulative 
material, the barrier layer having a substantial absence of amorphous structure, at least 
a portion of the barrier layer comprising non-columnar grain structure; and 

a layer comprising a metal over the barrier layer. 

41 . The structure of claim 40 wherein x = 0,44-0.60 and z = 0.40-0.60. 

42. The structure of claim 40 wherein the metal comprises copper. 

43. The structure of claim 40 wherein the metal comprises copper, wherein 
the Insulative material comprises Si02; wherein the barrier layer has a thickness of less 
than or equal to about 5 nm; and wherein, the barrier layer substantially prevents 
diffusion of copper from the layer comprising the metal into the SiOz during heat 
treatment of the structure at a temperature of about eSOX for about 1 hour. 

44. The structure of claim 40 wherein the metal comprises copper, wherein 
the insulative material comprises Si02; wherein the barrier layer has a thickness of less 
than or equal to about 20 nm; and whierein, the barrier layer substantially prevents 
diffusion of copper from the layer comprising the metal into the SiOz during heat 
treatment of the structure at a temperature of about yoo^'C for about 5 hours, 

45. A microelectronic device comprising: 
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a insulatlve material comprising an opening having a bottom surfece and 

a sidewall suri^ace; 

a barrier layer over the bottom surface, the barrier layer comprising Ti and 
Zr, and having an electrical resistivity of less than or equal to about 69 |jQ'cm to about 

106 MQ*cm; and 

a material comprising copper disposed over the barrier layer. 

46. The microelectronic device of claim 45 wherein the opening has a width 
of less than or equal to about 350 nm. 

47. The microelectronic device of claim 45 wherein the opening has a width 
of less than or equal to about 100 nm. 

48. The microelectronic device of claim 45 wherein the barrier layer is 
disposed over the sidewall surface. 

49. The microelectronic device of claim 48 wherein the barrier layer has a 
substantially uniform thickness over the bottom surface and over the sidewall surface. 

50. The microelectronic device of claim 49 wherein the opening has a height 
to width aspect ratio of greater than or equal to 1 . 

51 . The microelectronic device of claim SO wherein the aspect ratio is greater 

than 2. 

52. The microelectronic devise of claim 49 wherein thickness is less than or 
equal to about 20 nm. 

53. The microelectronic devise of claim 49 wherein thickness is less than or 
equal to about 5 nm. 

54. The microeledronic devise of claim 45 wherein the barrier layer 
comprises an atomic ratio of Ti to Zr of greater than or equal to 1 .0. 

55. The microelectronic devise of claim 45 wherein the barrier layer further 
comprises N. 

56. The microelectronic device of claim 55 wherein the barrier layer 
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comprises from about 40 atomic percent to about 60 atomic percent N. 

57. The microelectronic device of claim 55 wherein the bam'er layer consists 
essentially of Ti, Zr and N. 

58. The microelectronic device of claim 55 wherein the bamer layer consists 
of Ti, Zr, andN. 

59. The microelectronic device of claim 45 wherein the material comprising 
copper consists essentially of copper. 

60. A method of forming a barrier layer comprising: 
pn^viding a substrate comprising a material to be protected; 
providing a target comprising Ti and Zr; and 

in the presence of an Ar/Na plasma, ablating material from the target onto 
the substrate at a deposition power of from about 2 KW to about 9 k\/V. the ablating 
forming a barrier layer comprising Ti. Zr and N and having a substantially uniform 
thickness over at least a portion of the material to be protected. 

61 . The method of claim 60 wherein the target consists essentially of Ti and 

Zr. 

62. The method of claim 60 wherein the barrier layer has an atomic ratio of Ti 
to Zr of greater than or equal to about 1 . 

63. The method of daim 60 wherein the banler layer has an electrical 
resistivity of from about 69 pQ«cm to about 106 viQ-cm. 

64. The method of claim 60 further comprising depositing a conductive 
material over the barrier layer, the conductive material comprising a metal. 

65. A method of forming a microelectronic device, comprising: 
providing a substrate having one or more gap structures formed in an 

insulatlve material; 

lining the gap structures with a layer comprising Ti, the layer having a 
substantially uniform thickness and having an electrical resistivity of from about 
69 M^'cm to about 106 pQ-cm; 
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depositing a copper material over the layer. 



6S. The method of claim 65 wherein the layer further comprises N and one or 
more elements selected from the group consisting ofM, Ba, Be, Ca, Ce, Cs, Hf, 1^. Mg, 
Nd. Sc, Sr, Y, Mn, V, SI, Fe, Co, Ni, B, C, La, Pr, P, S, Sm, Gd, Dy, Zr. Ho, Er, Yb. W, 
Cr« Mo, Nb, and Ta. 

67. The method of claim 66 wherein the layer consists essentially of Ti, Zr 

and N. 

68. The method of claim 65 wherein the one or more gap structures comprise 
openings having a height to vAdlth aspect ratio of greater than or equal to 4. 

69. The method of claim 68 wherein the openings have a width of less than or 
equal to about 350 nm. 

70. The method of claim 68 wherein the openings have a width of less than or 
equal to about 200 nm. 

71 . The method of claim 68 wherein the openings have a width of less than or 
equal to about 100 nm. 

72. The method of claim 65 wherein the insulative material comprises SiO;^. 

73. A method of forming a protected surface comprising: 
providing a substrate having a surface Into a reaction chamber; 
providing a target within the reaction chamber, the target consisting 

essentially of Ti and Zr, 

ablating material from the target onto the surface In the presence of 
nitrogen to deposit a first layer over the surface; and 

ablating material from the target In an absence of added nitrogen to form 
a second layer over the first layer. 

74. The method of claim 73 wherein the surface comprises silicon dioxide. 

75. The method of claim 73 wherein the first layer has a thickness of less 
than or equal to about 10 nm, and has a microstructure consisting essentially of non- 
columnar grains. 
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76. The method of claim 73 wherein the first layer has a thickness of greater 
than about 10 nm, and comprises a first portion having non-columnar grain structure and 
a second portion comprising columnar grain structure. 
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